This is the first report of its kind that well demonstrates that a lectin from Phytolacca americana [Pa-2 (P. americana lectin-2)] can also be intrinsically unordered, based on the results obtained by CD, tryptophan fluorescence, ANS (8-anilinonaphthalene-1-sulfonic acid) binding, acrylamide quenching, DLS (dynamic light scattering) and its amino acid composition database analyses. Pa-2 is an acidic monomeric lectin and acquires random coil conformation at neutral pH without any regular secondary structure. As confirmed by different spectroscopic techniques, on lowering the pH, some secondary structures, predominantly α-helices, are detected by far-UV CD that adopt a marginally stable partially folded collapsed conformation possessing the characteristics of a premolten globule state. It is in accordance with coil-helix transition that is commonly observed when these intrinsically unordered proteins interact with their partner molecules in vivo.
INTRODUCTION
The complete programme of native conformation is locked in the primary sequence of a polypeptide chain and native conformation of a protein is the structure with lowest total free energy state. The process of minimizing free energy may not be obligatory, as some portions of a molecule may be folded in such a manner as to be favoured kinetically, but actually not yielding the lowest free energy. Native protein or its functional regions can exist in any one of the four thermodynamic states: ordered forms, molten globules, premolten globules and unordered random coils. In this view, a particular function can depend on any one of these states [1] . Besides, it has already been discovered that in protein some non-structured segments play an important role in its crucial function. Therefore those proteins that are functional and natively have any other conformation than the regular ordered one are known as IUP [intrinsically unordered protein; also known as IDP (intrinsically disordered protein) or NUP (natively unfolded
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In recapitulation, absolute denaturation of an ordered protein leads to an unordered random coil. Moreover, during this denaturation pathway, a transient intermediate or a partially unfolded state, between ordered and denatured random coil states, is observed. This intermediate exhibits side chains with motional characteristics more like those of the random coil but with a backbone secondary structure like that of the ordered state. Ptitsyn and Uversky [2] termed it 'molten globule', which represents a third thermodynamically stable and functional state for proteins. Hence, the classical structure-function paradigm that protein should be ordered in order to be biologically active should go.
Broadly speaking, there are ten methods, in practice, to characterize intrinsic disorderness of a given sequence [3] . One is N 15 -H 1 heteronuclear NOE (nuclear Overhauser effect) data analysis, where an amino acid sequence gives positive values for ordered regions due to slower tumbling and negative values for disordered regions because of more rapid tumbling [4] . Also from protein structures determined by X-ray crystallography, disorderness at any region in the sequence leads to missing electron density, because this region exists as an ensemble of Ramachandran φ/ψ angles and is therefore intrinsically disordered [5] . From near-UV CD, the absence of sharp peaks for aromatic groups in disordered proteins is due to motional averaging. It is evident that the ratio of the protein digestion rates, (Disordered)/(Ordered, should be approximately equal to e − G/RT and, for typical proteins, unfolding free energy ranges from 7 to 10 kcal/mol (1 kcal ≈ 4.184 kJ) [6] , so a disordered region would be expected to undergo digestion approx. 10 5 -10 7 times faster than the ordered one just because of the flexibility, which is the major determinant for digestion of possible cut-sites. Flexibility can be also determined by Debye-Waller temperature factors or B-factors obtained again from X-ray data and also by molecular dynamic simulation to explore local flexibility [7] .
The abnormally large Stokes radius of a disordered protein obtained by gel-filtration column chromatography or by small angle X-ray scattering and determination of comparatively larger hydrodynamic radius by DLS (dynamic light scattering) can also prove to be helpful in the prediction of unorderness. An IUP can be either unordered from end to end (e.g. 4E-binding protein) [8] or only a region of the protein is disordered [e.g. domain 2 of NS5A (nonstructural protein 5A) of hepatitis C virus] [9] . Examples of the disordered regions of IDPs include the following: stepping motor, kinesin [10] ; flexible linkers, EhCaBP1 [11] ; entropic springs, titin [12] ; entropic clocks, K + channel [13] ; and entropic bristles, neurofilament H [14] . Functionally diverse IDPs are present in all phyla of kingdom Animalia and Plantae, for example anhydrobiotic nematode proteins and late embryogenesis abundant proteins that are mainly associated with tolerance from desiccation, freezing and osmotic stress damage in resurrection plants and in plant seeds.
In the present study, we have studied and demonstrated intrinsic disorderness of a protein popularly known as PWM (pokeweed mitogen), using several of those methods used to characterize disorderness, keeping in view the added benefits of the multiple method approach. In retrospect, Reisfeld et al. [15] first isolated an N-acetylglucosamine-specific lectin from the roots of pokeweed (Phytolacca americana), which was exceptionally mitogenic for both T-and B-cells; hence, they termed it as PWM. Waxdal [16] purified five mitogenic lectins from the same source and designated them as Pa-1 to Pa-5. Further, Kino et al. [17] and Yamaguchi [18] purified and characterized five mitogens: PL-A, PL-B, PL-C, PL-D1 and PL-D2. PWM [also known as Pa-2 (P. americana lectin-2) or PL-A] is a glycoprotein of ∼32 kDa of 297-amino-acid-long single polypeptide chain having at least two chitin-binding type I domains and this protein has extremely high homology to the N-terminal half of PL-B. The amino acid composition is enriched with acidic residues.
Here, we have considered the various elements that are taken into account for their order-or disorder-promoting features, such as hydrophobicity, net charge, helix propensities, strand propensities and compositions for groups of amino acids such as W + Y + F (aromaticity). The values for these attributes were estimated by simple arithmetic calculations. The folding pattern of the respective protein has been studied in equilibrium conditions by CD, intrinsic fluorescence, ANS (8-anilinonaphthalene-1-sulfonic acid) binding, acrylamide quenching and DLS.
MATERIALS AND METHODS

Materials
Lectins from P. americana (044K7602), ANS and GdmCl (guanidinium chloride) were purchased from Sigma. All other reagents used in the present study were of analytical grade.
Buffers and solutions
Different buffers (20 mM) of pH range 1.0-3.5 (glycine/HCl), 3 .75-6.0 (sodium acetate) and 7.0 (Tris/HCl) were used throughout the experiments. pH measurements were carried out on a Mettler-Toledo MP120 digital pH-meter, and 6 M GdmCl solutions were prepared in 20 mM Tris/HCl buffer (pH 7.0). All the solutions were prepared in distilled water and filtered through a 0.45 μm Millipore syringe filter.
Preparation of protein
Protein from Sigma was further purified by an AKTA purifier FPLC system (Amersham Biosciences) and the first peak was collected and characterized by SDS and native PAGE. Protein concentration was determined spectrophotometrically using E 1% 280 nm = 21.4 (molar absorption coefficient of 1 g/100 ml of protein solution at 280 nm) [17] on a Hitachi U-1500 spectrophotometer.
RLS (Rayleigh light scattering) and turbidity measurements
The effect of pH on protein aggregation was checked by RLS and turbidity measurements. RLS was carried out on a Hitachi F-4500 spectrofluorimeter where both excitation and emission wavelengths were set at 350 nm. The turbidity was measured at 350 nm on a Hitachi U-1500 spectrophotometer.
CD measurements
CD measurements were carried out with a JASCO spectropolarimeter (model J-815). The instrument was calibrated with d-10-camphorsulfonic acid [19] . All the CD measurements were made at 25
• C with a thermostatically controlled cell holder attached to an Neslab RTE-110 water bath with an accuracy of + − 0.1
• C. Spectra were collected with a scan speed of 20 nm/min and a response time of 2 s. Each spectrum was the average of two scans. Far-UV CD spectra were taken at protein concentrations of 5 μM with a cell of 0.1 cm path length. The results were expressed as MRE (mean residue ellipticity) in deg · cm 2 per dmol, which is given by:
where θ obs is the observed ellipticity in degrees, C p is the molar fraction and l is the length of the light path in centimeters. For thermal-transition studies, water-jacketed cells were used 
Fluorescence measurements
Fluorescence measurements were performed on a Hitachi F-4500 spectrofluorimeter. The fluorescence spectra were measured at 25
• C with a 1 cm path length cell. The excitation and emission slits were both set at 10 nm. The concentration of protein was kept at 5 μM. Intrinsic fluorescence was measured by exciting at 295 nm to ensure selective excitation of tryptophan residues and emission spectra were recorded in the range of 310-400 nm.
For extrinsic fluorescence, a stock solution of ANS was prepared in distilled water and its concentration was determined using a molar absorption coefficient (ε) of 5000 M −1 · cm −1 at 350 nm. In the ANS binding experiments, the excitation was set at λ em = 380 nm and the emission spectra were taken at λ em in the range of 400-600 nm.
For all spectra, the smoothing parameters, namely function type, smoothing order, number of points and number of times, were Savitzky-Golay, 4, 20 and 1 respectively.
Acrylamide quenching experiments
Aliquots of 5 M acrylamide stock solution were added to the protein solution (5 μM) to achieve the desired range of quencher concentrations (0.1-0.5 M). Excitation was set at λ ex = 295 nm in order to excite tryptophan residues only and the emission spectrum was recorded at λ em in the range of 310-400 nm. The decrease in fluorescence intensity at the corresponding wavelength (λ em = 347 nm) was analysed according to the Stern-Volmer equation:
where F 0 and F are the fluorescence intensities at an appropriate wavelength in the absence and presence of quencher Q respectively and K sv is the Stern-Volmer collisional quenching constant.
As there are nine tryptophan residues in this protein, they may be differentially exposed to the quencher; hence, a modified SternVolmer equation has been applied:
where f a is the fraction of tryptophan residues accessible to the quencher [20] .
DLS
For DLS experiments, Pa-2 (25 μM) in 20 mM freshly prepared buffers of different pH values and 6 M GdmCl (at pH 7.0) was incubated for 12 h. The filtered samples were manually injected into a flow cell (30 μl) and illuminated by a 100 mW, 660 nm laser diode. R h (hydrodynamic radii) were calculated by the software PMgr v3.01p17 supplied along with the instrument RiNA Laser spectroscatter 201 [21] .
Data analysis
Secondary structure prediction
Secondary structural elements were quantified by K2D online software, which is algorithm-based neural network software [22] . The average fractional helicity, f H , is obtained by the following equation: 
Calculation of hydrodynamic dimensions
From the empirical straight line equations we have calculated the R h for different states of a 32 kDa globular native protein (R S N ), molten globule state (R S MG ), premolten globule (R S PMG ), completely denatured (R S U(GdmCl) ), fully intrinsically unordered random coil (R S NU(coil) ) and intrinsically unordered premolten globule (R S NU(PMG) ):
where a and b are constants for each state of a protein [24] . The calculated radii from the above equations have been compared with the observed radii of different equilibrium states of Pa-2 from DLS.
Hydrophobicity
Hydrophobicity of a protein can be calculated by using
where <R> is the mean net charge on protein at neutral pH and <H> b is boundary mean hydrophobicity [25] .
GRAVY (grand average of hydropathicity)
Hydrophobic character of a protein can be calculated by the Kyte-Doolittle scale [26] :
where (H) N is the sum of hydropathy values of all the amino acids (N).
Calculation of thermodynamic parameters
Results were expressed in terms of percentage of F N (folded fraction) calculated from the equation: 
where K eq, fold is the equilibrium constant for folding, R is the gas constant (1.987 cal deg −1 per mol) and T is 298 K. G fold varies linearly as a function of pH with a proportionality factor m. Extrapolation of the extreme back to the pH value where the maximum folded population exists gives an estimate of the value of G fold under that pH value, G fold, H+ :
RESULTS
Biophysical characterization of Pa-2 from amino acid composition
The 38 aspartic acids and 36 glutamic acids give this lectin an acidic nature at a neutral pH (pI ∼ 4). These ionized residues, being natively charged (at pH > pI), produce a local coulombian force of repulsion that counteracts internal stabilization forces of a protein, and results in an unfolded state of this lectin, as in the case of nucleosome hyperacetylation where high negative charge biasing promotes its conversion into a much less rigid form. The anomalous high flexibility of Pa-2 is probably due to a high proportion of glycine residues. Large net charge and low hydrophobicity, in combination, are a unique feature of IUPs. From eqn (6), we can predict that if <H>, mean normalized hydrophobicity, is less than <H> b for a given value of <R> at neutral pH, the protein is assumed to be intrinsically unordered. Here, <R> was 0.252, providing the value for <H> b as 0.50; the calculated <H> was 0.41. Hence, <H><<H> b fall within the category of IUPs on the Uversky plot [27] .
The GRAVY value above 0 for a protein signifies that it is hydrophobic in nature. The calculated GRAVY of Pa-2 is -0.628, which is clear evidence of the absence of intrinsic hydrophobicity, suggesting this protein to be flexible in neutral solution.
RLS and turbidity
RLS and turbidity studies were undertaken to determine the effect of pH on aggregation and aggregation status of intermediates. In the range of pI (pH ∼ 4) a drastic increase was shown because at this pH there may be neutralization of electrostatic charges, resulting in clumping of protein molecules (Figure 1) . The aggregation again occurred at extremely low pH.
Far-UV CD measurements
Observing far-UV CD spectra, it is possible to estimate the contents of protein secondary elements. A single deep minimum near 200 nm and a low ellipticity at 222 nm are a characteristic feature of unfolded polypeptide chain or disordered structure in aqueous solution [28] . Such type of spectrum is a combined spectral feature of proteins with elements of both structural forms, and of β-sheet with its typical minimum at approx. 215 nm. From Figure 2(A) , significant, defined secondary structure was not detected for Pa-2 from the spectrum at neutral pH; hence, signatures of β-sheet and α-helix from CD spectra seem to be absent rather than the protein was most likely to be unstructured with random coil conformation. But as the pH decreased, a notable rearrangement of spectrum occurred with red shift in major minima as well as changes in the shape of spectra. A lowering in negative value of ellipticity at 204 nm was observed with elevation in ellipticity at 222 nm, which indicated a sign of α-helix formation by the intramolecular process. In Figure 2 (B), the pH dependence of MRE 222 nm was shown to be a co-operative transition, which is a clear indication of a random coil transformation to a conformation with notable secondary contents. This pH-induced formation of secondary structure was also confirmed by secondary structure calculation by average fractional helicity (f H ) and by K2D where α-helical content from 3 to 9% was reached ( Figure 2C ) and a significant increase in β-structure was also observed. These secondary structure prediction methods have been tested with proteins that are globular, whereas Pa-2 is unfolded under physiological conditions, so the results are not satisfactorily reliable as the content of helical structure was overestimated by all methods compared with that derived from experimental results. The prediction for Pa-2 may be helpful to identify regions of the polypeptide chain that have a high propensity to form secondary structure under particular conditions such as low pH. At lower pH a significant alteration in the structure is possible because of protonation of unprotonated amino acid residues, suggesting the existence of a large number of ionized acidic residues at neutral pH imparting excess negative charge to Pa-2, which may be neutralized at lower pH with possible increase in population of putative partially folded intermediates that are rich in contiguous hydrophobic patches on its surface. At extremely low pH below 1.4 , these equilibrium intermediates were likely to foster self-association and get precipitated.
In Figure 2 (A), a single isodichroic point near 213 nm was an indicator of two-state transition between a disordered conformation and an ordered intermediate conformation that possessed limited secondary elements of α-helix and β-sheet. The shapes of all spectra were very similar but this did not mean that the secondary structures in all cases were identical. Although IUPs are unfolded in native conditions, the native far-UV CD spectra do not resemble that of U G (GdmCl-induced unfolded state). This suggests that there are some residual structures and the lectin is not completely unfolded.
Tryptophan fluorescence measurements
The degree of tryptophan exposure to solvent can be determined by the λ max . Fully water-accessible tryptophan maximally emits at above 350 nm and completely buried residue in hydrophobic environment emits near 320 nm, which means that tryptophan fluorescence maxima is dependent on the hydrophobicity of the surrounding environment. Figure 3(A) shows the emission spectrum of Pa-2 at different pH values. The maximum emission at neutral pH was at 348 nm, which is consistent with IUPs. Figure 3(B) shows that on decreasing pH there occurred a shift in λ max , which was clear evidence of variability in the immediate hydrophilic/hydrophobic microenvironment and the conformational states of respective protein owing to partial folding [29] . Here, on lowering the pH, blue shift in λ max at pH 2.4 and saturation in λ max around it were an indication of a relatively higher hydrophobic environment as compared with that of native state that may have occurred due to transition from unordered to ordered conformation.
ANS binding measurements
Binding of ANS to the hydrophobic regions of protein results in the increase in fluorescence intensity with a significant blue shift of fluorescence maximum, which has been widely used to detect non-native, intermediate conformations of different proteins [30] . Comparative emission fluorescence spectra in the 400-600 nm range are shown in Figure 4 with a momentous blue shift in fluorescence maximum. Below pH 2.4 there was a slight decrease in fluorescence intensity with persistent blue shift. The λ max of ANS fluorescence at pH 2.4 was decreased relative to native and U G states. Thus blue-shifted fluorescence indicated the formation of hydrophobic patches at lower pH due to the reorganization of protein secondary structures. The formation of solvent-exposed clusters of non-polar groups may suggest that Pa-2 existed in I PMG (premolten globule-like intermediate state) at pH 2.4, with to some extent a packed folded conformation [31] .
Acrylamide quenching
The fluorescence properties of tryptophan residues can be used to obtain topological information about proteins. Fluorescence quenching of the tryptophan residues by neutral quencher (acrylamide) has been shown to be useful to obtain information about the solvent accessibility of these residues in proteins and the polarity of their microenvironment [32] . Figure 5 depicts the Stern-Volmer plot for acrylamide quenching studies performed on the native state, N RC (random coil native state); intermediate state, I PMG ; and 6 M GdmCl-induced unfolded state, U G . The values of the Stern-Volmer constant (K sv ) and fractional accessibility of tryptophan residues to quencher (f a ) were calculated from the above plot. It was interesting to note that K sv for I PMG (K sv = 11.32) was found to be markedly lower than that of N state (K sv = 18.42) and was accompanied by a blue shift in λ max from 348 to 344 nm of tryptophan; this was also supported by decrease of f a from 1.82 to 1.68 when the pH was decreased from 7.0 to 2. 4 . These results indicated that tryptophan residues in I PMG state were comparatively less accessible to the quencher. It can also be noted that U G state, wherein protein was considered to exist in a complete random coil conformation, had K sv and f a (22.12 and 1.98) higher than the native state. These results together with intrinsic fluorescence indicated that native and U G states possessed a tryptophan residues microenvironment, closely . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . similar to each other. As shown in Table 1 , fractional accessibility of the acrylamide to the tryptophan residues of Pa-2 followed the following order:
This also indicated the comparative compactness of these states.
DLS
The Stokes radii (R s ) of different states of a typical 32 kDa globular protein have been predicted from the empirical equation (eqns 5a-5d). The R s of native, molten globule, premolten globule and GdmCl denatured states were approx. 25.11, 28.24 , 35 .89 and 52.84Å respectively. If a protein of the same molecular mass is intrinsically unordered in physiological conditions, then its R s of native coiled and premolten globule state would be 46.66 and 37.67Å. The R h data obtained from DLS measurements as a function of pH ( Figure 6 ) suggest that the protein is in a premolten globule state at pH 2.4 and is random coil (or intrinsically unordered) at neutral pH ( Table 1) . The results showed that Pa-2 exhibits unusual hydrodynamic mobility in solution.
Thermal stability analyses
Pa-2 displays a specific thermostability because of its unstructured nature in aqueous solution due to low intrinsic hydrophobicity and high net charge at neutral pH (pI ∼4). Partial folding of this protein is possible in any altered condition, which increases the hydrophobicity and decreases the net charge. Unphysiological elevated temperature and elevated [H + ] favour the above desired conditions and provide a useful model by increasing the concentration of the critical intermediates.
It is clear that at low temperature, the spectrum shows the typical spectrum of an unfolded polypeptide or, much better to say, of left-handed 3 1 -helix. But on gradual shifting in temperature from 277 to 363 K, the quality of all spectra was unchanged except a slight decrease in negative ellipticity at 204 nm and increase at 222 nm in a co-operative manner (results not shown). In thermal treatment, a co-operative transition means that the major change occurred over a very narrow range of temperature after which only a small monotonic change in the physical parameters was observed. This increase in negative ellipticity at 222 nm was interpreted as an elevation in α-helical content, which reflected the greater extent of hydrophobic interactions at higher temperature. With increasing temperature the overall hydrophobicity of a protein would increase because the hydrophobic interaction has the unusual property of increasing in magnitude at higher temperatures due to the large change in heat capacity with temperature [33] . Further, the complex thermodynamic properties associated with changes in water structure with rise in temperature also contribute to overall hydrophobicity of protein. On cooling to 277 K, the spectrum reverted to that of native one, concluding that high temperature induced a reversible transition in Pa-2 forming a partially folded intermediate driven by hydrophobic interaction. This intermediate has dichroic spectral features similar to that of the pH-induced intermediate. For the formation of helix from random structure there is a significant change in enthalpy (pH) of each residue during coil-helix transition. Up to a particular range of pH, the helical state was less favourable than the coiled state, and the coil-helix transition occurred with rise of temperature above such a critical range and not with fall of temperature. All of these characteristics are just opposite to globular proteins where elevated temperature leads to structural loss and mostly irreversible unfolding. If random coil is responsible for the native function of a protein, even with incubation at high temperature, proteins activity was not lost [34] . Stability of protein is affected by pH primarily because of the ionization of residues as well as some effects on a few salt bridges. Gain of folded structure of proteins had followed by observing changes in CD and fluorescence spectra approximated to a two-state transition. It is clear from Figure 7 (A) that on lowering the pH, the population of folded molecules never came to saturation but continuously increased. At pH 2.4 there was a deviation of points from the linearity suggesting the accumulation of some intermediates. Here at neutral pH the percentage folded fraction was 0 and at pH 1.4 it was 100. If we assume increasing pH as a denaturant, we can calculate all the thermodynamic parameters for protein folding at lower pH from the unfolded form at neutral pH ( Figure 7B) . The values of K eq, fold and G fold were calculated by using eqns (8) and (9) and the values of G fold, H + and m were determined by fitting the results to eqn (10) ( Table 2) . These values indic- ated that the folded protein was marginally stable. The pattern of fluorescence monitored tertiary structure and far-UV CD monitored secondary structure were non-overlapping suggesting the presence of an intermediate.
DISCUSSION
Individually each amino acid plays a significant role in imparting a proper conformation to a protein because of their different intrinsic helix-forming, helix-breaking, sheet-forming and sheetbreaking propensity. When they are in the form of polyamino acid, they tend to occur in helices, sheets or random structures. If there is copiousness of A, D, E, G, K, P, Q, R, S (group I) and paucity of C, F, I, L, N, V, W, Y (group II) residues, the protein will fall in the category of intrinsically disordered [35] . It can be simply explained that polyaspartic acid and polylysine are highly negatively and positively charged at neutral pH respectively and form random coils because of strong charge repulsion but at extreme pH they tend to form helices due to corresponding neutralization of charges. As per the 'Chou-Fasman helix and sheet propensity concept' aspartic acid is a weak helix former-strong sheet breaker, glycine is a strong helix breakerweak sheet breaker and serine is an indifferent helix former-weak sheet breaker [36] . Pa-2 is an unusual protein with respect to its low content of hydrophobic amino acids and high content of charged amino acids (38 aspartic acids, 36 glutamic acids, 14 arginine residues and 8 lysine residues) and 36 glycine residues; besides, we find the number of group I amino acid residues is also more than that of group II residues. Thus this protein ultimately seems to be in a random coil conformation with a high degree of hydration and low compactness. 
Figure 8
Scheme showing premolten globule formation followed by aggregation torsion angles (φ and ψ) between more than 90% of the amino acid residues have values corresponding to that of an extended chain and less than 10% values corresponding to that of a righthanded α-helix [37] . In short, we can say that the values of rotational or torsional angles are randomly distributed along the polypeptide chain and are frequently changing with time.
The entropy gained by not ordering the water around non-polar side chains certainly counteracts a great deal of the entropy gained by forming a random coil. The transition from a native globular protein to a disordered state is associated with a large positive heat capacity change which is correlated with the ordering of water around non-polar groups which become exposed to solvent after being on the interior of the protein in the native state.
This protein can be induced to fold in more compact structures with increase in ordered secondary structure contents especially α-helical segments in altered physiological conditions because hydrophobic interactions are extremely weak in Pa-2 and elevated level of H + enhances local helical interactions. The preferred conformation for binding, of small peptides or segments of larger polypeptides to proteins, is an extended, unfolded or flexible chain. In such proteins secondary structure is formed only when the protein is complexed with the respective ligand. Domain movements upon ligand binding is now a well known phenomenon and in IUPs disorder-to-order transitions take place upon such binding [38] . The lack of stable structural elements in Pa-2 provides a higher flexibility of an unordered structure which is an essential aspect to distinguish the unordered-ordered transition from coil-helix transition. Usually a harsh condition of temperature, solvent, pH of the medium leads to order-disorder transitions, to the transformation of the regular conformation of the chain to a random coil in globular proteins while it is just opposite in case of IUPs. According to Doty, helix-coil or coil-helix transitions are very sharp and similar to phase transitions (there occurs a sort of melting of α-helices of one-dimensional crystals or acquisition of α-helices from random coil). The sharpness of the transition and the sigmoidal character of the corresponding curves, such as curve of MRE 222 nm , is an indication of the co-operative nature of this transition. Our study reveals that on increasing the H + level Pa-2 shows a co-operative transition from an unfolded to a partially folded state which is compact but slightly differed from the characteristic molten globule. The decrease in pH results in negative charge neutralization of extremely higher proportion of aspartic acid and glutamic acid residues. It would have facilitated the formation of a premolten globule of alpha helical secondary elements as well as partial hydrophobic collapse (Figure 8 ) since the core of premolten globule is mixtures of both polar and non-polar side chains.
These studies probably help us to explain how these models physically perform when the side chains go from non-rigid to rigid packing. Thus H + induced conformational changes of this unordered protein may be utilized to unveil its mechanism of action and mode of function in sugar binding and mitogenesis. It can be implicated that in vivo sugar binding to Pa-2 drives transconformation similar to what was observed in the case of rmBG21 where monosialoganglioside G M1 induces random coil → α-helix transition in vitro [39] . The above unusual characteristics of Pa-2 motivate us to carry out further structural studies to obtain a clear picture of unique folding pathway and phase transition of 'intrinsically unordered' protein.
